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Abstract
Titanium carbide coatings are potentially important in engineering applications and are widely used as protective coatings
because of their unique properties. The extreme hardness, abrasive resistance, high temperature strength and corrosion resistance,
make this material very useful for coating tools, bearing surface and various kinds of machine parts, exposed to corrosive
atmospheres or operating at high temperatures. In this paper, particular attention is given to the TiC coatings prepared using an
RF sputtering system at low pressure and samples hardness were particularly studied as a function of different parameters (gas
mixture, thickness) of the deposition process
© 2009 Elsevier B.V.
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1. Introduction
Transition metal carbides and nitrides attract large technological interest due to their unique properties like high
hardness and young’s modulus, high electric conductivity, a considerable high-temperature strength, high corrosion
resistance and high melting or decomposition temperatures [1]. They have been applied as coatings for tools because
of their superior properties. These materials have such properties due to atomic bonding, which shows a mixed
covalent, metallic and ionic character [2]. Titanium carbide combines the advantages of a high melting point
(3140°C) and hardness (3000 Hv) with those of relative lightness (density 4.93 103 Kg m-3). It also exhibits high
resistance to both corrosion and oxidation and a relatively low friction coefficient.
Usually, TiC films are produced by deposition with plasma-enhanced CVD (PCVD) [3], thermal chemical
vapour deposition (CVD) [4] or activated reactive evaporation methods [5]. However, these methods require high
temperature (>600°C) substrates to achieve the deposition, which sometimes causes thermal damage to the
deposited films. At temperatures above 550°C, thermal diffusion of materials not suitable may also occur. In
addition, it has been reported that the maximum temperature, which permits the appropriate coating of hardened
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steel tools, is 500°C. Therefore, it is desirable to develop a deposition technique for TiC films using low-
temperature substrates to avoid thermal damage.
So, different physical vapour deposition (PVD) processes for deposition of TiC at relatively low temperatures
have been used through the years [6-9]. These processes are based on vaporisation of titanium in hydrocarbon
atmosphere or on sputtering of solid TiC target or titanium target in hydrocarbon atmosphere. The most often-used
hydrocarbon gases are methane, acetylene, ethene and ethane. The aim of present work is to study the influence of
target power, substrate bias voltage and gas mixture, more specifically of carbon content on the hardness of TiC
coatings, prepared using an RF sputtering system.
2. Experimental Details
The TiCx films of various thickness and composition were prepared by sputtering of 99.99% pure titanium using
argon as working gas and either methane as the reactive gas. The purity of gases was at least 99.9% for methane and
99.9999% for argon.
The RF sputter deposition system used in this experiment consists mainly of three sections: a deposition chamber,
a pumping device and a RF power supply with a matching network. The deposition chamber consists of a cylindrical
stainless steel reactor, 23 cm in diameter and 25cm high, with a planar diode electrode configuration. Substrates are
placed on the lower electrode that is connected to the vessel and grounded. The titanium target, a pure Ti (99,99 %)
square plate (10/10 cm), is fixed on the upper electrode and coupled to a 600 W RF power supply, operating at 13.56
MHz. The distance between the Ti target and the substrate holder is about 30 mm.
A set of magnetic barrels fixed on the external side of the chamber provides a multipolar confinement of the
created plasma. Before introducing the gases into the chamber, the reactor is pumped down to 10-6 mbar using
secondary diffusion pump. After cleaned pumping, the gas mixture is introduced in a constant flow at a pressure
range of 40 – 80 mTorr. Power range for the process varies from 80 W to 300 W.
In all experiment, the films were deposited on different substrates : Silicon for analysis and on steel XC48
(diameter: 10mm), the chemical composition of the steel substrates used is : %C: 0.45-0.51, %S≤0.035, %P≤0.035,
%Si : 0.10-0.40, %Mn : 0.50-0.80.
All the steel substrates were mechanically ground and polished progressively to give a surface finish of about
1μm center line average. The finished samples were cleaned in acetone, ethanol and distiller water then dried prior
to loading into the sputtering chamber for TiC deposition. After cleaning, an adhesive mask is applied on a part of
the substrate surface in order to measure the films thickness after treatment.
The thin film roughness and the thickness surface of coatings are determined by a surface profilometer (alpha-
step profilometer) and the deposition rate was estimated by dividing the thickness of TiC coating by the deposition
times.
The hardness of each coating is measured using the Vickers’s Microhardness tester with 10g applied loads. The
chemical composition of TiCx was determined by the Energy dispersive spectroscopy (EDS) method using an Xray
microanalyser (EDAX) and SEM (JEOL 6360LV). The crystalline structure of TiCx was investigated by XRD (D8
Advance Brucker).
3. Results and discussions
Uniform films of TiC were deposited on steel and have very low average and roughness values of 1.2 and 1.6 nm.
The film thickness was between 40nm and 3000nm. The surface topographies of TiC thin films is shown in Figure
1.It is known that island-like growths in the films are observed in all the AFM images. The lighter areas of AFM
image represent those areas with higher height.
The energy dispersive spectroscopy (EDS) analyses of TiC films using 10keV electrons revealed peaks due to Fe
from substrate, and Ti, C and O as shown in Fig.2. The presence of oxygen is due to the contamination of the film
when it is exposed to environment.
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Fig.1. AFM micrograph Fig.2. EDS spectra with electron beam energy of 10KeV.
The film thickness was between 400A°and 30000A°. The Fig.3 shows one example of the dependences of film
thickness on time deposition, maintaining the RF power (80 Watt) and total pressure constant (50mTorr). The
deposition rate is given by the slop of it was 138A°/mn.
Fig. 3. The variation of the thickness as a function of deposition
time
Fig.4. The variation of the thickness as a function of RF power
It is worthwhile to estimate the RF power influence on the TiC deposition rate, the RF power influence on the
deposition rate can be explained like this: When increasing the RF power, the ionic current increase enhances the Ti
sputtering rate from the target and this increase, in turn, increases the deposition rate on the substrate. Fig.4 shows
the influence of the power on the thickness.
The hardness of each coating is measured using the Vickers’s Microhardness tester with 10g applied loads. The
comparison of hardness between XC48 samples and XC48 coated samples at different experimental conditions
shows an increase of hardness after treatment of XC48 by TiC layers. At fixed experimental conditions
(Power=200W, Total pressure = 50 mbar, Deposition time = 30 mn) , it particularly shows an increase of more than
150% of hardness (3125 kg.mm2) for the samples treated with a mixture containing 20% CH4. But, in contrast, at
higher percentage of CH4 (80%) corresponds to lower of hardness (1564 kg.mm2). The lower hardness is due to the
formation of polymer type TiC:H films as proven by FTIR analysis [10, 11].
The infrared absorption measurements of TiC/Si shows in Fig.5, that the spectrum exhibits principally peaks
around 1451cm-1 and 2939cm-1, corresponding to CH bonds and observed at 1159cm-1, which are related to the Si-
O bonds.
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Fig.5: Typical infrared absorption spectrum of TiC/ Si
We also notice that the hardness of the thin films is affected significantly by the target power. From Table 1, it is
evident that the hardness of the TiC coatings increases with the power. This is due to the enhanced ion bombardment
intensity during the deposition.
Table 1: Variation of hardness with different target power (20%CH4, P= 50mbar, deposition time = 30mn)
Power (Watt) 200 150 100 80
Hardness (kg.mm2) 3125 2789 1763 1335
The influence of substrate bias voltage on microhardness and thickness of the TiC films is shown on Fig.6. For
biases between -25 and -50V, the hardness of the film was lower than the other samples treated at 0V. This is due to
the lower thickness of the thin films. In fact we noticed that the thickness decreases when the substrate bias voltage
increases and the film is denser. Also it is well known that increasing the bombardment energy in the metal
containing film results in a film with lower hydrogen content.
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Fig.6 Effect of substrate bias voltage on the hardness and thickness of the TiC films.
In the other hand, the characterization by XRD of samples treated at percentage of CH4 higher than 50% shows
the amorphous nature of the TiC layers. At the opposite, as shown in previous work [12] , XRD characterization of
samples made at 20% of CH4 shows the well crystallized TiC layers and presents a preferential orientation in the
(200) direction and the patterns are characteristic of cubic NaCl type crystalline structure of TiC .
4. Conclusion
The deposition of titanium carbide on XC48 steel by RF sputtering with using a mixture gas methane and argon
has been successfully done.
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Titanium carbide coating has a good effect on the hardness of the steel surface. It was clearly seen that the
concentration of CH4 in the gas mixture has a strong influence on the hardness and the nature of the TiC layers.
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